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7HWUDS\UUROHV DUH V\QWKHVL]HG LQ DOO ELRORJLFDO
NLQJGRPV WR SURYLGH WKH PROHFXODU EDVLV IRU
UHVSLUDWLRQ SKRWRV\QWKHVLV DQG WKH DFWLYLW\ RI
PDQ\ HQ]\PHV :DUUHQ DQG 6FRWW 
3RUSKRELOLQRJHQ 3%* UHSUHVHQWV WKH EDVLF
WHWUDS\UUROH EXLOGLQJ EORFN WKDW LV SURGXFHG LQ WKH
F\WRVRO E\ WKH DV\PPHWULF FRQGHQVDWLRQ RI WZR
PROHFXOHV RI DPLQROHYXOLQLF DFLG $/$ LQ WKH
FRPPRQ ILUVW VWHS RI WHWUDS\UUROH ELRV\QWKHVLV
FDWDO\VHG E\ SRUSKRELOLQRJHQ V\QWKDVH 3%*6 (&
 RU DPLQROHYXOLQDWH GHK\GUDWDVH
+HQFH 3%*6 HQ]\PHV UHSUHVHQW D XELTXLWRXVO\
SUHVHQW DQG HYROXWLRQDU\ FRQVHUYHG IDPLO\ RI
SURWHLQV ZKLOH GLIIHULQJ LQ VRPH IHDWXUHV VXFK DV
PHWDO UHTXLUHPHQW RU S+ RSWLPD -DIIH 

:KLOH 3%*6 HQ]\PHV IURP PDPPDOLDQ SODQW
\HDVW DQG EDFWHULDO RULJLQ KDYH EHHQ ZHOO VWXGLHG
WKRVH IURP LQVHFWV DQG RWKHU LQYHUWHEUDWHV DUH
SRRUO\ NQRZQ WR GDWH 7KH RQO\ NQRZQ
LQYHUWHEUDWH 3%*6 VHTXHQFH LV WKDW IURP
Drosophila LQ ZKLFK WKH EDFWHULDOO\ H[SUHVVHG
HQ]\PH KDV EHHQ VWXGLHG UHFHQWO\ .XQGUDW HW DO
 7KLV LV VXUSULVLQJ DV PDQ\ LQVHFWV
OHSLGRSWHUDQ VSHFLHV LQ SDUWLFXODU GR SURGXFH
IDLUO\ ODUJH TXDQWLWLHV RI RSHQFKDLQ WHWUDS\UUROHV
WKH KHPHGHULYHG ELOLQV WKDW VHUYH DV VSHFLILF
OLJDQGV RI ELOLSURWHLQV VRPH RI ZKLFK KDYH EHHQ
LGHQWLILHG DV PHPEHUV RI WKH OLSRFDOLQ SURWHLQ
IDPLO\ .D\VHU  *DQIRUQLQD HW DO  $V
DQ DSSURDFK WR XQGHUVWDQGLQJ WKH V\QWKHVLV DQG
WKH IXQFWLRQ RI WKHVH ELOLSURWHLQV WKH
GHYHORSPHQWDO YDULDWLRQ RI 3%*6 DFWLYLW\ DQG RI
WKH OHYHOV RI $/$ DQG 3%* LWV VXEVWUDWH DQG
SURGXFW LV EHLQJ VWXGLHG LQ Pieris brassicae /
/HSLGRSWHUD 3LHULGDH D OHSLGRSWHUDQ LQVHFW WKDW
V\QWKHVL]HV XQGHU D GHYHORSPHQWDO UHJLPH D
ELOLQELQGLQJ SURWHLQ LQ VLJQLILFDQW TXDQWLWLHV
.D\VHU HW DO  2QH JRDO RI WKLV SURMHFW LV WR
SXULI\ 3%*6 IURP WKLV LQVHFW WR FKDUDFWHUL]H DQ
LQYHUWHEUDWHUHSUHVHQWDWLYHRIWKLVHQ]\PHIDPLO\
+HUH ZH UHSRUW WKH ILUVW SXULILFDWLRQ RI QDWLYH
3%*6 IURP ZKROH LQVHFWV LQ HOHFWURSKRUHWLFDOO\
KRPRJHQHRXV TXDOLW\ DQG LQ KLJK \LHOG :KLOH WKH
HDUO\ VWHSV RI SXULILFDWLRQ FRXOG EH ZHOO SHUIRUPHG
XVLQJ SURFHGXUHV IUHTXHQWO\ HPSOR\HG WR SXULI\
3%*6 HQ]\PHV RWKHU PHWKRGV KDG WR EH
H[DPLQHG WR REWDLQ WKH LQVHFW HQ]\PH LQ SXUH
IRUP DQG LQ UHDVRQDEOH TXDQWLW\ 7ZR GLIIHUHQW
PRGHV RI QDWLYH HOHFWURSKRUHVLV LQ SRO\DFU\ODPLGH
JHOV ZHUH VXFHVVIXO 7KLV VWUDWHJ\ PD\ DOVR EH
DSSOLFDEOH WR 3%*6 IURP RWKHU VRXUFHV WKDW DUH
ORZ LQ 3%*6 DFWLYLW\ $QWLERGLHV ZHUH SURGXFHG
DJDLQVW SXULILHG P. brassicae 3%*6 WR H[DPLQH
KRZ FRQVHUYHG DW DQ LPPXQRORJLFDO OHYHO WKLV
EXWWHUIO\ HQ]\PH EHKDYHG YHUVXV LWV FRXQWHUSDUWV
IURP RWKHU LQVHFWV DQG YHUWHEUDWHV 6XFK D VWXG\




$PLQROHYXOLQLF DFLG $/$ K\GURFKORULGH DQG
'ODFWRVH PRQRK\GUDWH ZHUH IURP
)OXND$OGULFK ZZZVLJPDDOGULFKFRP /HYXOLQLF
DFLG ZDV REWDLQHG IURP 0HUFN ZZZPHUFNFRP
6XFFLQ\ODFHWRQH GLR[RKHSWDQRLF DFLG ZDV
SXUFKDVHG IURP 8QLWHG 6WDWHV %LRFKHPLFDOV
ZZZXVEZHEFRP /RZPROHFXODU ZHLJKW
PDUNHUV IRU SRO\DFU\ODPLGH JHO HOHFWURSKRUHVLV
3$*( ZHUH IURP 3KDUPDFLD
ZZZ3KDUPDFLDFRP 5HIHUHQFH SURWHLQV IRU JHO
ILOWUDWLRQ FKHPLFDOV IRU HOHFWURSKRUHVLV DQG
SRO\HWK\OHQH JO\FRO 3(*  ZHUH IURP 6HUYD
ZZZVHUYDGH %RYLQH VHUXP DOEXPLQ ZDV
REWDLQHG IURP 6LJPD 7($(FHOOXORVH ZDV IURP
6FKOHLFKHU DQG 6FKXHOO ZZZVDQGVFRP DQG
+$8OWURJHO ZDV IURP /.%3KDUPDFLD 6WDQGDUG
FKHPLFDOV ZHUH SXUFKDVHG IURP HLWKHU
)OXND$OGULFKRU0HUFN
,QVHFWV
7KH VWRFN RI P. brassicae ZDV PDLQWDLQHG RQ D
VHPLV\QWKHWLF GLHW XQGHU QRQGLDSDXVLQJ
FRQGLWLRQV DW & DV LQ IRUPHU ZRUN .D\VHU
 )RU HQ]\PH SXULILFDWLRQ DGXOW LQVHFWV ZHUH
FROOHFWHG EHWZHHQ  DQG  K DIWHU HPHUJHQFH DQG
VWRUHG DW ±& 7KH RWKHU LQVHFWV DQG WKH
YHUWHEUDWH WLVVXHV ZHUH REWDLQHG IURP LQKRXVH
VWRFNVDQGFRPPHUFLDOEUHHGHUVUHVSHFWLYHO\
'HWHUPLQDWLRQRI3%*6DFWLYLW\
3%*6 DFWLYLW\ ZDV DVVD\HG DV LQ SUHYLRXV ZRUN
.D\VHU HW DO  ZLWK PLQRU PRGLILFDWLRQV
%ULHIO\ HQ]\PH DFWLYLW\ ZDV GHWHUPLQHG LQ D WRWDO
YROXPH RI  PO RI DVVD\ PHGLXP FRQWDLQLQJ RI 
0 VRGLXP SKRVSKDWH S+   P0 '77 DQG
 P0 $/$ ,QFXEDWLRQV ZHUH FDUULHG RXW DW
& IRU HQKDQFHG VHQVLWLYLW\ IRU  K LI QRW
VWDWHG RWKHUZLVH 7KH 3%* SURGXFW ZDV TXDQWLILHG
ZLWK PRGLILHG (KUOLFK¶V UHDJHQW PHDVXUHG DW 
QP 7KH HQ]\PH FRQFHQWUDWLRQ ZDV DOZD\V NHSW
KLJK HQRXJK WR SUHYHQW ORVV RI DFWLYLW\ GXH WR
VXEXQLW GLVVRFLDWLRQ WKH ORZHU OLPLW IRU $ QP
XQGHU VWDQGDUG FRQGLWLRQV ZDV  DV IRXQG LQ
LQLWLDO VWXGLHV QRW VKRZQ 3%*6 DFWLYLW\ ZDV
H[SUHVVHG DV ƫPRO 3%* SURGXFHG LQ  K DW &
6SHFLILF DFWLYLW\ ZDV FDOFXODWHG SHU PJ RI SURWHLQ
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9RO_$UWLFOH 3%*6 DFWLYLW\ DW & ZDV FDOFXODWHG IURP WKH
&GDWD E\ GLYLVLRQ E\  WKLV IDFWRU ZDV
REWDLQHG IURP D VWXG\ RI WKH WHPSHUDWXUH HIIHFW
RQ WKH DFWLYLW\ RI 3%*6 IURP P. brassicae VHH
)LJXUH$
7KH HQ]\PDWLF SURSHUWLHV RI 3%*6 ZHUH VWXGLHG
XVLQJ D SDUWLDOO\ SXULILHG aIROG SUHSDUDWLRQ
XQGHU VWDQGDUG FRQGLWLRQV DV GHVFULEHG 7R
GHWHUPLQH VXEVWUDWH DIILQLW\ LQFXEDWLRQV ZHUH
WHUPLQDWHG DIWHU  PLQ ,QKLELWRUV ZHUH GLVVROYHG
LQ DVVD\ PHGLXP LI QHFHVVDU\ WKH S+ RI WKH VWRFN
VROXWLRQV ZDV EURXJKW WR  ZLWK 1++&2
VROXWLRQ ,QKLELWRU DVVD\V ZHUH SHUIRUPHG IRU 
PLQZLWKRXWSUHLQFXEDWLRQ
3UHSDUDWLRQRI3%*6H[WUDFW
)UR]HQ EXWWHUIOLHV ZHUH KRPRJHQL]HG LQ EDWFKHV RI
DERXW  J DERXW  LQVHFWV LQ FROG PHGLXP
$ FRQVLVWLQJ RI  P0 VRGLXP SKRVSKDWH S+
 DQG  P0 PHUFDSWRHWKDQRO DW D UDWLR RI
 POJ LQVHFW ZHLJKW $ VPDOO TXDQWLW\ RI
1SKHQ\OWKLRXUHD ZDV DGGHG WR SUHYHQW
SKHQROR[LGDVH DFWLYLW\ 7KH KRPRJHQDWHV ZHUH
FHQWULIXJHG DW [J IRU  PLQ DW & 6RUYDOO
5&% URWRU *6$ DQG WKH UHVXOWLQJ VXSHUQDWDQWV
ZHUH ILOWUDWHG WKURXJK VLODQL]HG JODVV ZRRO
$OLTXRWV RI  PO RI WKH WXUELG H[WUDFWV ZHUH
KHDWHG WR & XQGHU VWHDG\ VWLUULQJ LQ D ZDWHU
EDWK PDLQWDLQHG DW & :KHQ & ZDV
UHDFKHG WKH H[WUDFWV ZHUH LPPHGLDWHO\ FRROHG
GRZQ WR EHORZ & LQ DQ LFH EDWK $IWHU
FHQWULIXJDWLRQ FOHDU VXSHUQDWDQWV ZHUH REWDLQHG
IRU HQ]\PH SXULILFDWLRQ &DOFXODWLRQV RI HQ]\PH
\LHOGV DQG SXULILFDWLRQ IDFWRUV ZHUH EDVHG RQ
WKHVHKHDWWUHDWHGH[WUDFWVVHH 7DEOH
)UDFWLRQDOSUHFLSLWDWLRQ
)LUVW WKH KHDWWUHDWHG H[WUDFWV ZHUH IUDFWLRQDWHG
E\ DPPRQLXP VXOIDWH DGGHG LQ VROLG IRUP WR
VXFFHVVLYHO\ UHDFK  DQG  VDWXUDWLRQ DW &
HDFK VWHS EHLQJ IROORZHG E\ FHQWULIXJDWLRQ DW
 [ J IRU  PLQ 6RUYDOO 5&% ZLWK URWRU
66 7KH VHGLPHQW FRQWDLQLQJ 3%*6 ZDV
GLVVROYHG LQ D VPDOO YROXPH RI PHGLXP %
FRQVLVWLQJ RI  P0 VRGLXP SKRVSKDWH S+ 
DQG  P0 '77 DQG QH[W VXEMHFWHG WR IXUWKHU
IUDFWLRQDWLRQ XVLQJ 3(*  3(* ZDV ILUVW
DSSOLHG DW D FRQFHQWUDWLRQ RI  ZY DW &
)ROORZLQJ FHQWULIXJDWLRQ 3(* FRQFHQWUDWLRQ ZDV
LQFUHDVHG E\ WKH DGGLWLRQ RI  J PO RI
VXSHUQDWDQW DW URRP WHPSHUDWXUH WR LQFUHDVH
VROXELOLW\ $IWHU  K WKH SUHFLSLWDWH ZDV FROOHFWHG
DW [J IRU  PLQ DQG GLVVROYHG LQ PHGLXP
%
&ROXPQFKURPDWRJUDSK\
7KH GLVVROYHG 3(*VHGLPHQW ZDV DSSOLHG WR D
FROXPQ RI 7($(FHOOXORVH  J J RI LQVHFWV
HTXLOLEUDWHG ZLWK PHGLXP % 2QH EHG YROXPH RI
PHGLXP % VXSSOHPHQWHG ZLWK  P0
PHUFDSWRHWKDQRO ZDV DSSOLHG WR WKH FROXPQ
SULRU WR VDPSOH ORDGLQJ 7KLV PHDVXUH ZDV
HVVHQWLDO IRU D KLJK UHFRYHU\ RI DFWLYH 3%*6 PRVW
OLNHO\ WKH HIIHFW ZDV GXH WR SURWHFWLRQ RI DFWLYH
VLWH WKLRO JURXSV 7KH FROXPQ ZDV WKHQ ZDVKHG
ZLWK PHGLXP % FRQWDLQLQJ  P0 1D&O XQWLO
DEVRUEDQFH DW  QP RI WKH HIIOXHQW ZDV
FRQVWDQWO\ ORZ 3%*6 ZDV HOXWHG IURP WKH FROXPQ
HPSOR\LQJ D JUDGLHQW RI  WR  P0 1D&O LQ
PHGLXP % DW D UDWH RI  POPLQ (Q]\PH
DFWLYLW\ ZDV REWDLQHG LQ D WRWDO YROXPH RI DERXW 
PO DERXW  IUDFWLRQV DQG GLUHFWO\ SXPSHG RQWR
D FROXPQ RI +\GUR[\DSDWLWH8OWURJHO
+$8OWURJHO  [  FP www.pall.com DOVR
HTXLOLEUDWHG ZLWK PHGLXP % $IWHU WKRURXJK
ZDVKLQJ WKH FROXPQ ZLWK WKH VDPH PHGLXP
3%*6 ZDV HOXWHG ZLWK  P0 SKRVSKDWH EXIIHU
S+  WKLV VWHS PRGH SURYHG WR EH VXSHULRU WR
JUDGLHQW HOXWLRQ  WR  P0 VRGLXP
SKRVSKDWH S+   P0 '77 3%*6 ZDV DOPRVW
TXDQWLWDWLYHO\ REWDLQHG DV D VLQJOH SHDN LQ D
YROXPH RI  WR  PO WKDW ZDV UHGXFHG WR DERXW 
PO E\ XOWUDILOWUDWLRQ IROORZHG E\ GLDO\VLV DJDLQVW
WKH VDPSOH EXIIHU IRU HOHFWURSKRUHVLV XVLQJ DQ
$PLFRQ 0& ILOWUDWLRQ XQLW ZLWK D 30
PHPEUDQH
3UHSDUDWLYH QDWLYH SRO\DFU\ODPLGH JHO
HOHFWURSKRUHVLV3$*(
3UHSDUDWLYH 3$*( XQGHU QDWLYH FRQGLWLRQV ZDV
SHUIRUPHG ILUVW LQ PP WKLFN VODE JHOV UXQ LQ D
3URWHDQ 6ODE &HOO DSSDUDWXV %LR5DG
www.bio-rad.com 7KH JHO V\VWHP FRQVLVWHG RI D
 FRQFHQWUDWLQJ JHO S+  D  VHSDUDWLRQ
JHO S+  DQG D  ORZHU EORFNLQJ JHO S+
 $ FKDQQHO EHWZHHQ WKH VHSDUDWLRQ DQG WKH
ORZHU JHO DOORZHG WKH FRQWLQXRXV HOXWLRQ RI
SURWHLQV OHDYLQJ WKH VHSDUDWLRQ JHO 7KLV FKDQQHO
ZDV SUHSDUHG E\ SLSHWWLQJ D  ZY VXFURVH
VROXWLRQ RQWR WKH SRO\PHUL]HG ORZHU JHO EHIRUH
FDUHIXOO\ ILOOLQJ WKH DFU\ODPLGH VROXWLRQ IRU WKH
VHSDUDWLRQ JHO RQWR WKH VXFURVH VROXWLRQ 7KH
VDPSOH YROXPHV YDULHG EHWZHHQ  DQG  PO
FRQWDLQLQJ D PD[LPXP RI  PJ SURWHLQ IURP WKH
SUHFHGLQJ K\GUR[\DSDWLWH VWHS 7ULVJO\FLQH RI S+
 ZDV XVHG DV FDWKRGH EXIIHU DQG 7ULVFKORULGH
RI S+  DV DQRGH EXIIHU 7KH JHOV ZHUH UXQ DW 
P$ GXULQJ VWDFNLQJ DQG  P$ GXULQJ VHSDUDWLRQ
(OHFWURSKRUHVLV ZDV WHUPLQDWHG DIWHU D WRWDO
UXQQLQJ WLPH RI DERXW  K 7KH HOXWHG SURWHLQV
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SXPSLQJ RI HOXWLRQ EXIIHU  0 7ULVFKORULGH
S+   P0 '77 WKURXJK WKH FKDQQHO DW D UDWH
RI  POPLQ )UDFWLRQV ZHUH DVVD\HG IRU 3%*6
DFWLYLW\ DQG IRU SURWHLQ QP DEVRUEDQFH
$FWLYH IUDFWLRQV ZHUH SRROHG FRQFHQWUDWHG GRZQ
WR D YROXPH RI  WR  PO E\ XOWUDILOWUDWLRQ DQG
WKHQ GLDO\]HG DJDLQVW  YROXPHV RI VDPSOH
EXIIHU
7KH VHFRQG SUHSDUDWLYH QDWLYH 3$*( ZDV
SHUIRUPHG LQ  URG JHOV RI FP GLDPHWHU
XVLQJ WKH VDPH HOHFWURGH EXIIHUV DV IRU WKH VODE
JHOV 5XQQLQJ FRQGLWLRQV ZHUH  P$ GXULQJ
FRQFHQWUDWLRQ DQG  P$ GXULQJ VHSDUDWLRQ 7KH
JHOV ZHUH WKHQ FXW LQWR PP VOLFHV DQG 3%*6 ZDV
UHFRYHUHG LQ D VPDOO YROXPH DSSUR[  PO E\
HOHFWURSKRUHVLV SHUIRUPHG DW  P$ DW &
RYHUQLJKW XVLQJ D ODEPDGH GHYLFH ,I GLDO\]HG
DJDLQVW PHGLXP VXSSOHPHQWHG ZLWK  ODFWRVH




7R JXLGH 3%*6 SXULILFDWLRQ VDPSOHV IURP HYHU\
VWHS ZHUH VXEMHFWHG WR QDWLYH DQDO\WLFDO 3$*( LQ
 JHOV DV GHVFULEHG IRU V\VWHP D E\ 0DXUHU
 3URWHLQV ZHUH VWDLQHG ZLWK &RRPDVVLH %OXH
* DQG FRQWUDVWHG LQ  DFHWLF DFLG 7R GHWHFW
3%*6 DFWLYLW\ WKH JHOV ZHUH LQFXEDWHG ZLWK 
P0 $/$ LQ DVVD\ EXIIHU IRU  PLQ DW &
IROORZHG E\ VWDLQLQJ RI SURGXFHG 3%* ZLWK
PRGLILHG(KUOLFK¶VUHDJHQWDVGHVFULEHGDERYH
7KH PROHFXODU PDVV RI WKH KRORHQ]\PH ZDV
GHWHUPLQHG IURP WKH VORSH RI LWV PRELOLW\ RQ
QDWLYH 3$*( DFFRUGLQJ WR +HGULFN DQG 6PLWK
 XVLQJ WKH EXIIHU V\VWHP IURP 'DYLV 
7KH JHO FRQFHQWUDWLRQV ZHUH    DQG
 5HIHUHQFH SURWHLQV ZHUH XUHDVH  N'D
S\UXYDWH NLQDVH  N'D DOGRODVH  N'D
ODFWDWH GHK\GURJHQDVH  N'D FLWUDWH V\QWKDVH
 N'D DQG ERYLQH VHUXP DOEXPLQ  N'D
3URWHLQV DQG 3%*6 DFWLYLW\ ZHUH VWDLQHG DV
GHVFULEHGDERYH
3URWHLQ VXEXQLWV ZHUH VWXGLHG E\ 6'6XUHD3$*(
/DHPPOL  0HUOH DQG .DGHQEDFK  7KH
PROHFXODUZHLJKW PDUNHU SURWHLQV ZHUH
SKRVSKRU\ODVH %  N'D ERYLQH VHUXP DOEXPLQ
 N'D RYDOEXPLQ  N'D FDUERDQK\GUDVH
 N'D WU\SVLQH LQKLELWRU  N'D DQG
ODFWDOEXPLQ  N'D 3URWHLQV ZHUH VWDLQHG
ZLWK&RRPDVVLH%OXH5
3URWHLQGHWHUPLQDWLRQ
7R UHPRYH LQWHUIHULQJ VXEVWDQFHV DQG WR
FRQFHQWUDWH GLOXWH VDPSOHV SURWHLQV ZHUH ILUVW
SUHFLSLWDWHG DW  ZY WULFKORURDFHWLF DFLG LQ
WKH SUHVHQFH RI GHVR[\FKRODWH %HQVDGRXQ DQG
:HLQVWHLQ  7KH UHVXOWLQJ SHOOHWV ZHUH
GLVVROYHG LQ  ƫO RI  0 1D2+ FRQWDLQLQJ 
ZY 6'6 IRU TXDQWLWDWLYH GHWHUPLQDWLRQ RI
SURWHLQ ZLWK WKH )ROLQUHDJHQW +DUWUHH 
PRGLILHG %RYLQH VHUXP DOEXPLQ ZDV XVHG DV D
VWDQGDUG XQGHU WKH VDPH FRQGLWLRQV $W WKH WZR
ILQDO VWHSV RI SXULILFDWLRQ SURWHLQ ZDV GHWHUPLQHG
IURP WKH DEVRUEDQFH DW  QP $Q H[WLQFWLRQ
FRHIILFLHQW RI  >ï FPï@ ZDV REWDLQHG
IURP DQ DTXHRXV VROXWLRQ RI WKH SXULILHG 3%*6
DIWHUGLDO\VLVDJDLQVWZDWHUDQGO\RSKLOLVDWLRQ
,PPXQRORJLFDOVWXGLHV
$QWLERGLHV DJDLQVW SXULILHG 3%*6 WRWDO RI a
ƫJ IURP P. brassicae ZHUH SURGXFHG LQ UDEELWV
DFFRUGLQJ WR VWDQGDUG SURFHGXUHV &RQWURO VHUD
ZHUH REWDLQHG IURP QRQLPPXQL]HG UDEELWV
+HDWWUHDWHG 3%*6 H[WUDFWV IURP YDULRXV LQVHFWV
DQG IURP YHUWHEUDWH OLYHUV  WR  JPO
PHGLXP $ ZHUH REWDLQHG DV GHVFULEHG DERYH IRU
P. brassicae %DVHG RQ LQLWLDO WHVWV WR RSWLPLVH
FRQGLWLRQV WKH DQWLVHUD DQG FRQWURO VHUD
UHVSHFWLYHO\ ZHUH GLOXWHG ZLWK DVVD\ EXIIHU 
YY PL[HG ZLWK DQ HTXDO YROXPH RI WKH
UHVSHFWLYH KHDWHG 3%*6 H[WUDFW DQG LQFXEDWHG IRU
 K DW & $IWHU UHPRYDO RI WKH
LPPXQRSUHFLSLWDWH E\ FHQWULIXJDWLRQ  ƫOR I
VXSHUQDWDQW ZDV LQFXEDWHG ZLWK  ƫOR ID V V D \
PHGLXP IRU  K WR GHWHUPLQH UHVLGXDO 3%*6
DFWLYLW\ )URP WKLV YDOXH WKH LPPXQRSUHFLSLWDWHG
3%*6 DFWLYLW\ DV SHUFHQWDJH RI WKH DFWLYLW\ RI




'DWD RI D UHSUHVHQWDWLYH SXULILFDWLRQ RI 3%*6
IURP P. brassicae DUHVXPPDUL]HGLQ 7DEOH
7KH WXUELG UDZ H[WUDFWV FRQWDLQHG 3%*6 DFWLYLW\
LQ WKH UDQJH RI  ƫPRO Kï DQG WRWDO SURWHLQ RI
DERXW  PJJ LQVHFW PDVV %HFDXVH 3%*6 LV
NQRZQ DV D IDLUO\ KHDW VWDEOH HQ]\PH HJ
&ROHPDQ  FRQILUPHG DOVR LQ WKH SUHVHQW
VWXG\ WKH WXUELG H[WUDFWV ZHUH FOHDUHG E\ KHDWLQJ
WR&
3%*6 ZDV SUHFLSLWDWHG IURP WKH KHDWWUHDWHG
H[WUDFWV ZLWK DPPRQLXP VXOIDWH DW FRQFHQWUDWLRQV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661






EHWZHHQ  DQG  VDWXUDWLRQ DW & SURYLGLQJ
W\SLFDO \LHOGV RI DERXW  7KH SHOOHW ZDV
GLVVROYHG LQ PHGLXP % WR UHSODFH
PHUFDSWRHWKDQRO IRU '77 7KLV FUXGH 3%*6
SUHSDUDWLRQ ZDV VXEMHFWHG WR IUDFWLRQDO
SUHFLSLWDWLRQ ZLWK 3(*  SHUIRUPHG ILUVW DW
 3(* DW & IROORZHG E\  DW URRP






3XULILFDWLRQVWHS ƫPROK PJ ƫPROKïPJï IROG 
+HDWHGH[WUDFW     
$PPRQLXPVXOIDWH     
3(*     
7($(FHOOXORVH     
+$8OWURJHO     
3UHS3$*(     








7KH VXEVHTXHQW FKURPDWRJUDSK\ RQ 7($(
FHOOXORVH SURYLGHG DQ DERXW IROG LQFUHDVH LQ
VSHFLILF DFWLYLW\ RI 3%*6 DQG DOPRVW TXDQWLWDWLYH
UHFRYHU\ 7KH HQ]\PH ZDV JUDGLHQWHOXWHG DV D
UHODWLYHO\ VKDUS VLQJOH SHDN DW D 1D&O
FRQFHQWUDWLRQ DURXQG  P0 LQ D YROXPH RI
DERXW  PO 7KH DFWLYH IUDFWLRQV IURP WKH
7($(FROXPQ ZHUH IXUWKHU SXULILHG RQ D FROXPQ
RI +$8OWURJHO HTXLOLEUDWHG ZLWK PHGLXP %
3%*6 ZDV TXDQWLWDWLYHO\ DGVRUEHG WR WKH
K\GUR[\DSDWLWH $IWHU ZDVKLQJ ZLWK PHGLXP %
3%*6 ZDV VWHSHOXWHG E\  P0 VRGLXP
SKRVSKDWH EXIIHU S+  FRQWDLQLQJ  P0 '77
5HFRYHU\ RI 3%*6 DFWLYLW\ IURP WKH
K\GUR[\DSDWLWH PDWUL[ ZDV DERXW  ZLWK DQ
DERXW IROG LQFUHDVH RI VSHFLILF DFWLYLW\ $QDO\VLV
RI WKLV SUHSDUDWLRQ E\ QDWLYH 3$*( UHYHDOHG WKH
SUHVHQFH RI D QXPEHU RI VWURQJ SURWHLQ EDQGV RQH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661






RI ZKLFK FRXOG EH FOHDUO\ LGHQWLILHG DV 3%*6 E\ in
situ VWDLQLQJRIDFWLYLW\QRWVKRZQ)LJXUH$
1H[W SUHSDUDWLYH QDWLYH 3$*( ZDV HPSOR\HG LQ D
 VODE JHO 3$*(  LQ 7DEOH  3%*6 ZDV
HOXWHG DV D EURDG SURWHLQ SHDN XVXDOO\ FRQWDLQLQJ
! RI WKH DSSOLHG HQ]\PH DFWLYLW\ ZLWK D  WR
IROG KLJKHU SXULW\ $QDO\WLFDO QDWLYH 3$*( XVLQJ
D KLJK SURWHLQ ORDG UHYHDOHG WKH SUHVHQFH RI WZR
SURPLQHQW SURWHLQ EDQGV RU ]RQHV WKDW DSSHDUHG
WR FRQWDLQ PRUH WKDQ RQH SURWHLQ )LJXUH % WKH
XSSHU EDQG FRQWDLQHG 3%*6 DV UHYHDOHG E\
DFWLYLW\ VWDLQLQJ QRW VKRZQ WKH ORZHU EDQG ZDV
DOUHDG\ YLVLEOH GXULQJ HOHFWURSKRUHVLV DV D
EURZQLVK EDQG WKDW ODFNHG 3%*6 DFWLYLW\
&RQVHTXHQWO\ D VHFRQG SUHSDUDWLYH
HOHFWURSKRUHVLV ZDV SHUIRUPHG XVLQJ D QDWLYH 
 URG JHO 3$*(  LQ 7DEOH  7KH JHO VOLFH
FRQWDLQLQJ DFWLYH 3%*6 ZDV HOHFWURHOXWHG
7KRXJK DERXW KDOI RI WKH HQ]\PH DFWLYLW\ ZDV ORVW
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH )LJXUH,QKLELWLRQRI3%*6IURP P. brassicae E\OHYXOLQLFDFLG/$DQGVXFFLQ\ODFHWRQH6$7KHH[SHULPHQWV
ZHUHSHUIRUPHGXQGHUVWDQGDUGFRQGLWLRQVIRUKZLWKRXWSUHLQFXEDWLRQRIWKHLQKLELWRUV
WKLV ILQDO SXULILFDWLRQ VWHS SURYLGHG
HOHFWURSKRUHWLFDOO\ SXUH 3%*6 ZLWK D VSHFLILF
DFWLYLW\ RI a ƫPRO Kï PJï DW &
FRUUHVSRQGLQJ WR D FDOFXODWHG YDOXH RI a ƫPRO
Kï PJï DW & 7KH SXULW\ RI WKH HQ]\PH ZDV
GHPRQVWUDWHG E\ HOHFWURSKRUHVLV LQ QDWLYH JHOV RI
GLIIHUHQW FRQFHQWUDWLRQV   DQG  )LJXUH
&± DQG LQ 6'6 JHOV VHH EHORZ $OO
H[SHULPHQWV UHYHDOHG D VLQJOH SURWHLQ EDQG WKDW
UHSUHVHQWHG DFWLYH 3%*6 HQ]\PH DV VKRZQ E\ LQ
VLWX VWDLQLQJ )LJXUH ' ,Q WKH YDULRXV 3%*6




,Q  P0 VRGLXP SKRVSKDWH S+ 
VXSSOHPHQWHG ZLWK  P0 PHUFDSWRHWKDQRO
WKH WHPSHUDWXUH RSWLPXP IRU WKH Pieris 3%*6
IURP ERWK DGXOWV LQVHFWV DQG ODVW LQVWDU ODUYDH ZDV
DW a& LQ K DVVD\V )LJXUH $ 2Q WKLV EDVLV
3%*6 DFWLYLW\ ZDV URXWLQHO\ GHWHUPLQHG DW &
IRU KLJKHU VHQVLWLYLW\ FRPSDUHG WR WKH FRPPRQO\
XVHG & $ VKRUW LQFXEDWLRQ DW & GLG QRW
UHVXOW LQ DQ\ VLJQLILFDQW ORVV RI DFWLYLW\ DQG ZDV
WKHUHIRUH HPSOR\HG DV DQ LQLWLDO VWHS RI
SXULILFDWLRQ
(IIHFW RI S+ EXIIHU V\VWHP DQG FKHODWLQJ
DJHQWV
$W WKH VWDQGDUG DVVD\ WHPSHUDWXUH RI & WKH
RSWLPXP RI 3%*6 DFWLYLW\ ZDV DW S+  LQ 
P0 VRGLXP SKRVSKDWH FRQWDLQLQJ  P0
PHUFDSWRHWKDQRO DQG DW S+  LQ  P0
LPLGD]ROH+&O LQ WKH SUHVHQFH RI  P0 '77
)LJXUH % 7KRXJK WKH S+ RSWLPD LQ WKH WZR
EXIIHUV GLIIHUHG RQO\ VOLJKWO\ 3%*6 DFWLYLW\ ZDV
ORZHU E\  LQ LPLGD]ROH EXIIHU FRPSDUHG WR
SKRVSKDWH EXIIHU DW WKH UHVSHFWLYH S+ RSWLPD
:KHQ H[SRVHG WR S+   LQ SKRVSKDWH EXIIHU
3%*6 DFWLYLW\ ZDV LUUHYHUVLEO\ ORVW ('7$
LQKLELWHG 3%*6 E\  DW  P0 DQG  DW 
P0 GDWD QRW VKRZQ $QRWKHU FKHODWLQJ DJHQW
K\GUR[\ TXLQROLQHVXOIRQLF DFLG ZDV RQO\
ZHDNO\LQKLELWRU\DWP0GDWDQRWVKRZQ
0ROHFXODUPDVV
1DWLYH 3$*( SHUIRUPHG DW GLIIHUHQW
SRO\DFU\ODPLGH FRQFHQWUDWLRQV UHYHDOHG D
PROHFXODU PDVV RI  N'D IRU WKH SXULILHG
3%*6 )LJXUH $ DV ZHOO DV IRU D SDUWLDOO\
SXULILHG SUHSDUDWLRQ DQDO\]HG E\ in situ DFWLYLW\
VWDLQLQJ $OO VDPSOHV GLVSOD\HG D VLQJOH EDQG RI
DFWLYH 3%*6 8QGHU GHQDWXULQJ FRQGLWLRQV
6'6XUHD D VLQJOH SURWHLQ EDQG ZDV DOVR
REVHUYHG FRUUHVSRQGLQJ WR  N'D )LJXUH %
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH )LJXUH/LQHZHDYHU%XUNDQDO\VLVRIWKHLQKLELWLRQRI3%*6IURP P. brassicae E\$OHYXOLQLFDFLGDQG%
VXFFLQ\ODFHWRQH
+HQFH 3%*6 IURP P. brassicae DSSDUHQWO\
UHSUHVHQWV DQ RFWDPHULF FRPSOH[ RI HTXDOO\ VL]HG
VXEXQLWVPRVWOLNHO\DKRPRRFWDPHU
$IILQLW\WRVXEVWUDWHDQGLQKLELWRUV
7KH /LQHZHDYHU%XUN SORW QRW VKRZQ IRU WKH
3%*6 VXEVWUDWH $/$ ZDV OLQHDU DQG SURYLGHG D
KP YDOXH RI  P0 7KH VXEVWUDWH PLPLFV
OHYXOLQLF DFLG DQG VXFFLQ\ODFHWRQH LQKLELWHG WKH
HQ]\PH ZLWK ,& YDOXHV RI  P0 DQG  ƫ0
UHVSHFWLYHO\ )LJXUH  'L[RQ SORW DQDO\VLV RI
NLQHWLF GDWD IRU OHYXOLQLF DFLG UHYHDOHG D KL YDOXH
RI  P0 QRW VKRZQ 7KH /LQHZHDYHU%XUN
SORW UHYHDOHG D FRPSHWLWLYH PRGH RI LQKLELWLRQ IRU
OHYXOLQLF DFLG )LJXUH $ %\ FRQWUDVW WKH SORW IRU
LQKLELWLRQ E\ VXFFLQ\ODFHWRQH VXJJHVWHG DQ
XQFRPSHWLWLYH PRGH DW ORZ  ƫ0
FRQFHQWUDWLRQV WKDW DSSDUHQWO\ FKDQJHG WR D
PL[HG QRQFRPSHWLWLYH PRGH DW KLJKHU
FRQFHQWUDWLRQV )LJXUH % $ PRUH GHWDLOHG





6RXUFHVSHFLHVWLVVXH ,QVWDU H[WUDFWHGƫPROKï Jï LPPXQRSUHFLSLWDWHGRIWRWDO
/(3,'237(5$
3LHULGDH
Pieris brassicae DGXOW  
1\PSKDOLGDH
Inachis io DGXOW  
Araschnia levana DGXOW  
Pararge aegeria SXSD  
3\UDOLGDH
Ephestia kuehniella ODUYD  
Galleria mellonella ODUYD  
Ostrinia nubilalis SXSD  
7RUWULFLGDH
Adoxophyes reticulana SXSD  
Laspeyresia pomonella SXSD  
Lobesia botrana SXSD  
1RFWXLGDH
Spodoptera littoralis SXSD  
Heliothis virescens SXSD  
Agrotis segetum SXSD  
',37(5$
Musca domestica SUHSXSD  
+(0,37(5$
Disdercus spec. ODUYD  
+<0(1237(5$
Apis melifera DGXOW  
9(57(%5$7(6
Rana esculenta OLYHU DGXOW  
Rattus norvegicus OLYHU DGXOW  
Homo sapiens HU\WKURF\WHV DGXOW a
'DWDUHSUHVHQWPHDQVIURPWZRH[SHULPHQWVZLWKWKHVDPHH[WUDFW




$V VXPPDUL]HG LQ 7DEOH  DQWLVHUXP GLUHFWHG
DJDLQVW SXUH Pieris 3%*6 DOVR SUHFLSLWDWHG 3%*6
IURP DOO H[DPLQHG PHPEHUV RI WKH Q\PSKDOLG
OHSLGRSWHUDQ IDPLOLHV Inachis io Araschnia
levana Pararge aegeria WR D GHJUHH FRPSDUDEOH
WR WKH HQ]\PH IURP P. brassicae RQO\  RU OHVV
RI 3%*6 DFWLYLW\ UHPDLQHG LQ WKH VXSHUQDWDQW
8QH[SHFWHGO\ WKH H[WUDFWV IURP WKH H[DPLQHG
S\UDOLG DQG WRUWULFLG PRWKV WKUHH VSHFLHV RI HDFK
UHVSRQGHG UDWKHU KHWHURJHQHRXVO\ WR WKH
DQWLVHUXP ZKLOH 3%*6 IURP Galleria mellonella
Adoxophyes reticulana DQG Laspeyresia
pomonella ZDV RQO\ SDUWLDOO\ UHFRJQL]HG  WR
 WKH HQ]\PHV IURP Ephestia kuehniella
Ostrinia nubilalis DQG Lobesia botrana VKRZHG
YHU\ OLWWOH LI DQ\ FURVVUHDFWLRQ LH DOPRVW DOO
3%*6 DFWLYLW\  WR  UHPDLQHG LQ VROXWLRQ
6LPLODUO\ 3%*6 DFWLYLW\ IURP DOO WKUHH QRFWXLG
PRWKV H[DPLQHG Spodoptera littoralis Heliothis
virescens DQG Agrotis segetum ZDV QRW RU RQO\
PDUJLQDOO\ SUHFLSLWDWHG E\ WKH DQWLVHUXP
1HJDWLYH UHVXOWV ZHUH DOVR REWDLQHG ZLWK 3%*6
IURP DOO RWKHU QRQOHSLGRSWHUDQ VSHFLHV
UHSUHVHQWLQJ GLSWHUDQ Musca domestica
KHPLSWHUDQ Disdercus spec DQG K\PHQRSWHUDQ
Apis melifera LQVHFWV DV ZHOO DV ZLWK 3%*6 IURP




7KH 3%*6 IURP P. brassicae LV WKH ILUVW 3%*6
LVRODWHG IURP ZKROH LQVHFWV DV D QDWLYH HQ]\PH
%HFDXVH SXEOLVKHG SXULILFDWLRQ VWUDWHJLHV HJ
&ROHPDQ  $QGHUVRQ DQG 'HVQLFN 
*LEEV HW DO  ZHUH IRXQG QRW WR EH ZHOO VXLWHG
WR REWDLQ D SXUH SUHSDUDWLRQ D QHZ SURWRFRO ZDV
GHYHORSHG WKDW PD\ DOVR ZRUN ZLWK 3%*6 IURP
RWKHU LQVHFWV RU RWKHU VRXUFHV RI ORZ 3%*6 DFWLYLW\
RU OLPLWHG DPRXQWV RI PDWHULDO 7KH SXULILFDWLRQ
VFKHPH LV FKDUDFWHUL]HG E\ KLJK UHFRYHULHV
W\SLFDOO\ LQ WKH  UDQJH DW DOO VWHSV H[FHSW IRU
WKH ILQDO HOHFWURSKRUHVLV 3$*(  SURYLGLQJ KLJK
ILQDO \LHOG XS WR  RI HOHFWURSKRUHWLFDOO\ SXUH
DQGDFWLYH3%*6
7KH Pieris HQ]\PH H[KLELWHG VRPH
FKURPDWRJUDSKLF EHKDYLRXU WKDW ZDV XQH[SHFWHG
LQ WKH OLJKW RI WKH UHSRUWHGO\ FRQVHUYHG QDWXUH RI
3%*6 :KLOH UHFRPELQDQW 3%*6 IURP
Drosophila WKH RQO\ RWKHU LQVHFW 3%*6 VWXGLHG
FRXOG EH UHDGLO\ SXULILHG RQ SKHQ\O VHSKDURVH DQG
RQ RFW\O VHSKDURVH .XQGUDW HW DO  WKH
Pieris HQ]\PH ZDV FRPSOHWHO\ UHWDLQHG RQ WKH
SKHQ\O PDWUL[ XQGHU FRPSDUDEOH FRQGLWLRQV WKDW
ZHUH XVHG WR HOXWH WKH IO\ HQ]\PH GDWD QRW
VKRZQ 2Q WKH RWKHU KDQG WKH PRUH OLSRSKLOLF
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH RFW\O VHSKDURVH FRXOG EH VXFFHVVIXOO\ DSSOLHG WR
Pieris 3%*6 +RZHYHU WKLV PDWUL[ ZDV QRW
LQFOXGHG LQ WKH ILQDO SXULILFDWLRQ SURWRFRO EHFDXVH
RI LWV ORZ HIILFLHQF\ GDWD QRW VKRZQ :LWK
UHVSHFW WR RFW\O VHSKDURVH 3%*6 IURP Pieris
EHKDYHG VLPLODUO\ WR WKH KXPDQ HQ]\PH
$QGHUVRQ DQG 'HVQLFN  ,Q FRQFOXVLRQ RFW\O
VHSKDURVH PD\ EH JHQHUDOO\ DSSOLFDEOH LQ
SXULILFDWLRQ SURWRFROV RI 3%*6 HQ]\PHV ZKLOH
FKURPDWRJUDSKLF GLIIHUHQFHV PD\ EH HQFRXQWHUHG
ZLWK SKHQ\O VHSKDURVH ,W PD\ EH VSHFXODWHG WKDW
WKLV GLIIHUHQWLDO EHKDYLRXU RI 3%*6 HQ]\PHV LV
GXH WR GLIIHUHQFHV LQ WKH DPLQR DFLGV SUHVHQW DW
WKH SURWHLQ VXUIDFH WKDW FRPH LQWR FRQWDFW ZLWK
WKH FKURPDWRJUDSKLF PDWUL[ DQG ZKLFK WKHUHIRUH
GHWHUPLQH WKH ELQGLQJ EHKDYLRXU ,Q SDUWLFXODU
WKH 1WHUPLQDO DUPV RI DERXW  UHVLGXHV ZKLFK
UHSUHVHQW WKH PRVW YDULHG VHTXHQFH VWUHWFK DQG
ZUDS DURXQG QHLJKERXULQJ VXEXQLWV DW WKH VXUIDFH
RI WKH RFWDPHULF FRPSOH[ FI (UVNLQH HW DO 
PD\EHUHOHYDQWLQWKLVUHVSHFW
&KDUDFWHUL]DWLRQRI Pieris 3%*6
%DVHG RQ WKH PROHFXODU PDVV RI Pieris 3%*6 RI
 N'D DV GHWHUPLQHG E\ HOHFWURSKRUHVLV
XQGHU QDWLYH FRQGLWLRQV DQG WKH YDOXH RI  N'D
REWDLQHG LQ WKH SUHVHQFH RI 6'6XUHD WKH Pieris
HQ]\PH UHSUHVHQWV DQ RFWDPHULF FRPSOH[
FRPSRVHG RI VXEXQLWV RI DSSDUHQWO\ HTXDO VL]H
7KLV LV LQ DJUHHPHQW ZLWK WKH JHQHUDO YLHZ RI
3%*6 HQ]\PHV DV KRPRRFWDPHUV -DIIH 
 ([FHSWLRQV DUH WKH UHFHQWO\ GHVFULEHG UDUH
KXPDQ 3%*6 DOOHOH IRUPLQJ D KH[DPHU ZLWK
DOWHUHG FDWDO\WLF SURSHUWLHV %UHLQLJ HW DO 
DQG WKH DOVR KH[DPHULF HQ]\PH IURP WKH
SKRWRV\QWKHWLF EDFWHULXP Rhodobacter
capsulatus %ROOLYDU HW DO  )XUWKHUPRUH
VWDELOLW\ WR KHDW DQG D S+ RSWLPXP DURXQG
QHXWUDOLW\ RI WKH Pieris 3%*6 LV DOVR LQ WKH UDQJH
IRXQG ZLWK RWKHU PHWD]RDQ 3%*6 IRUPV GLIIHULQJ
IURP WKH EDVLF S+ RSWLPD RI WKH HQ]\PHV IURP
SODQWV IXQJL DQG EDFWHULD 5HPDUNDEO\ KRZHYHU
WKH UHFRPELQDQW IRUP RI 3%*6 IURP Drosophila
GLIIHUHG IURP WKH SUHVHQW EXWWHUIO\ HQ]\PH LQ
H[KLELWLQJ D S+ RSWLPXP DURXQG  .XQGUDW HW DO
 $OO DQLPDO 3%*6 HQ]\PHV DUH LQKLELWHG E\
FKHODWLQJ DJHQWV LQ DJUHHPHQW ZLWK KDYLQJ
FDWDO\WLFDOO\ DFWLYH ]LQF ERXQG E\ HVVHQWLDO
F\VWHLQHV -DIIH  WKDW PDNH 3%*6 HQ]\PHV
VHQVLWLYHWRR[LGDWLRQ
7KH KP YDOXH RI  P0 IRU $/$ RI WKH Pieris
HQ]\PH LV DOVR LQ WKH UDQJH RI YDOXHV SXEOLVKHG IRU
RWKHU 3%*6 HQ]\PHV HJ &KHK DQG 1HLODQGV
 &ROHPDQ  LQFOXGLQJ WKH Drosophila
HQ]\PH IRU ZKLFK D KP RI a P0 KDV EHHQ
UHSRUWHG .XQGUDW HW DO  7KH
/LQHZHDYHU%XUN SORW IRU 3%*6 IURP Pieris ZDV
OLQHDU GHPRQVWUDWLQJ QRUPDO 0LFKDHOLV0HQWHQ
NLQHWLFV XQGHU RXU H[SHULPHQWDO FRQGLWLRQV FI
6WDXIIHU HW DO  7KH VSHFLILF DFWLYLW\ RI a
ƫPRO Kï PJï DW & FRUUHVSRQGV WR a ƫPRO
Kï PJï DW & DW ZKLFK 3%*6 HQ]\PHV DUH
FRPPRQO\ VWXGLHG 7KLV YDOXH LV XQXVXDOO\ KLJK
IRU DQ DQLPDO 3%*6 7\SLFDO YDOXHV IRU WKH
HQ]\PH IURP ERYLQH OLYHU IRU H[DPSOH DUH LQ WKH
UDQJH RI ± ƫPRO Kï PJï DW & HJ
&ROHPDQ  $QGHUVRQ DQG 'HVQLFN 
.UHXW]HU HW DO  $ YDOXH RI a ƫPRO Kï PJï
DW & KDV EHHQ UHSRUWHG DOVR IRU WKH RQO\ RWKHU
VWXGLHG LQVHFW 3%*6 WKH EDFWHULDOO\ H[SUHVVHG
Drosophila HQ]\PH ZKHQ H[DPLQHG DW LWV
XQXVXDO S+ RSWLPXP RI a .XQGUDW HW DO
 2Q WKH RWKHU KDQG WKH KH[DPHULF 3%*6
IURP Rhodobacter capsulatus WKDW DOVR VKRZV D
EDVLF S+ RSWLPXP %ROOLYDU HW DO  GLVSOD\V D
VSHFLILF DFWLYLW\ RI  ƫPRO Kï PJï WKDW LV PXFK
KLJKHU WKDQ WKDW RI WKH Pieris HQ]\PH UHSRUWHG
KHUH ,I FRQILUPHG WKH FRPSDUDEO\ KLJK VSHFLILF
DFWLYLW\ RI Pieris 3%*6 PLJKW KDYH HYROYHG WR
FRPSHQVDWH IRU WKH ORZ WXUQRYHU QXPEHU W\SLFDO
IRU 3%*6 HQ]\PHV -DIIH  LQ D VSHFLHV WKDW
SURGXFHV VLJQLILFDQW DPRXQWV RI WHWUDS\UUROHV
GXULQJ UHODWLYH VKRUW GHYHORSPHQWDO SHULRGV
.D\VHU .D\VHUDQG.UXOO6DYDJH
/HYXOLQLF DFLG DQG VXFFLQ\ODFHWRQH DUH ZHOO
FKDUDFWHUL]HG VXEVWUDWHDQDORJRXV LQKLELWRUV RI
3%*6 IURP YDULRXV RUJDQLVPV 1DQGL DQG 6KHPLQ
 (EHUW HW DO  %UXPP DQG )ULHGPDQ
 7VFKXG\ HW DO  6DVVD DQG .DSSDV
 %RWK LQKLELWRUV DUH OLNH $/$ LQ WKDW WKH\
ELQG WR D FRQVHUYHG O\VLQH DW RQH RI WKH WZR DFWLYH
VLWHV NQRZQ DV WKH 3VLWH DV YLVXDOL]HG E\ FU\VWDO
VWUXFWXUH DQDO\VLV (UVNLQH HW DO  $V
SURSRVHG E\ RWKHUV 6WDXIIHU HW DO  OHYXOLQLF
DFLG FRPSHWHV ZLWK $/$ IRU ELQGLQJ WR WKH VHFRQG
VLWH WKH $VLWH UHVXOWLQJ LQ WKH FRPSHWLWLYH
EHKDYLRXU REVHUYHG ZLWK WKH Pieris HQ]\PH 7KHVH
DXWKRUV IXUWKHU SURSRVH WKDW LQ WKH FDVH RI
XQFRPSHWLWLYH RU PL[HG LQKLELWLRQ DV ZDV WKH
FDVH ZLWK VXFFLQ\ODFHWRQH LQ WKH SUHVHQW VWXG\
WKH LQKLELWRU DOVR FRPSHWHV DW WKH 3VLWH RU DW ERWK
VLWHV 6XFFLQ\ODFHWRQH ZDV E\ DERXW WKUHH RUGHUV
RI PDJQLWXGH PRUH DFWLYH WKDQ OHYXOLQLF DFLG ZLWK
WKH Pieris 3%*6 LQ DFFRUGDQFH ZLWK RWKHU VWXGLHV
7VFKXG\ HW DO  7KLV PD\ EH GXH WR ILUPHU
ELQGLQJ RI VXFFLQ\ODFHWRQH REYLRXVO\ GXH WR
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KDV DOVR EHHQ GHVFULEHG DV D FRPSHWLWLYH LQKLELWRU
RI 3%*6 %UXPP DQG )ULHGPDQ  6DVVD DQG
.DSSDV  $ VRXQG LQWHUSUHWDWLRQ RI WKH
SUHVHQW UHVXOWV RI LQKLELWLRQ E\ VXFFLQ\ODFHWRQH
PD\ EH IXUWKHU OLPLWHG E\ WKH SRVVLELOLW\ RI WKH
QRQHQ]\PDWLFDOO\ IRUPDWLRQ XQGHU DVVD\
FRQGLWLRQV RI D PL[HG S\UUROH EHWZHHQ
VXFFLQ\ODFHWRQH DQG $/$ WKDW LV HYHQ PRUH
LQKLELWRU\ WKDQ VXFFLQ\ODFHWRQH LWVHOI %UXPP
DQG )ULHGPDQQ  $ FRPSHWLWLYH LQKLELWRU RI
\HW XQNQRZQ LGHQWLW\ KDV UHFHQWO\ EHHQ IRXQG WR
DFFXPXODWH LQ SXSDH RI P. brassicae VKRUWO\
EHIRUHDGXOWHPHUJHQFH.D\VHUHWDO
&RPSDUDWLYH LPPXQRORJLFDO SURSHUWLHV RI
Pieris 3%*6
:KLOH WKH VWUXFWXUHV RI WKH 3%*6 PRQRPHUV DQG
WKHLU KRPRRFWDPHULF HQ]\PDWLFDOO\ DFWLYH
FRPSOH[HV DUH KLJKO\ FRQVHUYHG WKHLU LGHQWLWLHV DW
WKH VHTXHQFH OHYHO PD\ EH DV ORZ DV a LQ
GLVWDQWO\ UHODWHG VSHFLHV -DIIH  7KH DPLQR
DFLGV UHOHYDQW IRU FDWDO\WLF DFWLYLW\ DUH ORFDWHG
ZLWKLQ WKH &WHUPLQDO Ơ ơEDUUHO GRPDLQ RI WKH
SURWHLQ DQG UHODWLYHO\ SK\ORJHQHWLFDOO\ LQYDULDQW
5HVLGXHV DW WKH VXUIDFH OLNH WKRVH RI WKH
1WHUPLQDO VHTXHQFH WKDW LV LQYROYHG LQ GLPHU
FRQWDFWV DUH PRUH YDULHG 7KH VXUIDFHH[SRVHG
UHVLGXHV PD\ WKHUHIRUH RIIHU D YDULHW\ RI SRWHQWLDO
LPPXQRORJLFDO HSLWRSHV WKDW GLVSOD\ SK\ORJHQHWLF
GLIIHUHQFHVDPRQJ3%*6HQ]\PHV
1RW VXUSULVLQJO\ WKH DQWLVHUXP DJDLQVW 3%*6
IURP Pieris GLG QRW UHFRJQL]H 3%*6 IURP WKH
YHUWHEUDWHV +RZHYHU OHVV H[SHFWHGO\ LW GLG QRW
VLJQLILFDQWO\ UHFRJQL]H WKH SURWHLQ IURP WKH
QRQOHSLGRSWHUDQ LQVHFWV WHVWHG LQFOXGLQJ
UHSUHVHQWDWLYHV IURP 'LSWHUD +HPLSWHUD DQG
+\PHQRSWHUD $PRQJ WKH OHSLGRSWHUDQ IDPLOLHV
3%*6 IURP WKUHH Q\PSKDOLG EXWWHUIOLHV ZDV IXOO\
UHFRJQL]HG E\ WKH DQWLVHUXP DJDLQVW WKH Pieris
HQ]\PH 2Q WKH RWKHU KDQG 3%*6 IURP WKUHH
QRFWXLG PRWKV GLG QRW FURVV UHDFW WR D VLJQLILFDQW
H[WHQW WKXV GLVSOD\LQJ D UHODWLYHO\ KLJK
SK\ORJHQHWLF GLVWDQFH EHWZHHQ PRWKV DQG
EXWWHUIOLHV FI 6FREOH  0RUH VXUSULVLQJ ZDV
WKH KHWHURJHQHRXV EHKDYLRXU RI 3%*6 IURP WKH
H[DPLQHG S\UDOLG DQG WRUWULFLG VSHFLHV FRYHULQJ D
ZLGH UDQJH RI LPPXQRORJLFDO UHVSRQVH IURP IDLUO\
KLJK WR FRPSOHWH ODFN RI FURVV UHDFWLRQ SRVVLEO\
UHIOHFWLQJ DQ HYROXWLRQDU\ YHU\ EDVLF SRVLWLRQ RI
WKHVH IDPLOLHV UHODWLYH WR WKH RWKHU /HSLGRSWHUD
)URP WKH HYROXWLRQDU\ SHUVSHFWLYH WKDW IOLHV DQG
EXWWHUIOLHV DUH RQO\ GLVWDQWO\ UHODWHG LW LV QRW
VXUSULVLQJ WKDW DV GLVFXVVHG DERYH WKH
Drosophila 3%*6 GLVSOD\V VRPH UHPDUNDEOH
GLIIHUHQFHV WR WKH Pieris FRXQWHUSDUW DQG
IXUWKHUPRUH WKDW 3%*6 IURP WKH KRXVHIO\ ZDV QRW
UHFRJQL]HG E\ WKH DQWLVHUXP DJDLQVW WKH EXWWHUIO\
HQ]\PH ,Q IDFW WKH PRVW FRQVHUYHG IHDWXUHV RI
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